To establish an index of the freshness of meats, we examined the changes in amount of ATPrelated compounds in beef and rabbit muscle kept in cold storage. Wefound an accumulation of hypoxanthine (Hx) and xanthine (X) in beef on the one hand and the accumulation of inosine (HxR) in rabbit muscle on the other. We inferred that this difference was caused by the outstandingly high level of activity in beef of nucleoside phosphorylase having HxR as substrate. The speed at which IMPdecreased was greater in beef than in rabbit muscle. Fromthese results we have cometo the conclusion that such indexes of the freshness of fish meats as the lvalue, Kx value, IMPratio, HxRratio, and Hx ratio are not adequate to indicate the freshness of animal meats and that the Ko value, defined below, is the most effective. The distinctive merit of the Ko value is that it is applicable not only to animal meats and fish but also to marine invertebrates and crustaceans.
In 1959 Saito et al. introduced the term "K value" as an indicator of the freshness of fish meat: the K value is the ratio of inosine (HxR)+hypoxanthine (Hx) to the total amount of ATP-related compounds, expressed as a percentage.l) Since then this term has been widely in use in the marine product industry. However,the assay methodis not easy, and the measurement of K value has been a difficult and time-consuming task, because that method used simplified column chromatography2) or high performance liquid chromatography. 3'40 Quite recently, a Freshness Meter KV-101 (Oriental Electric Co., Ltd., Saitama, Japan) with an oxygen electrode for the enzymatic measurement of ATP-related compounds was developed by Ohashi et al.\ consequently, the assay of K value was simplified and could be done in a short time.5>6) Many reporters2~4 '7) have presented a great deal of data on the freshness of fish meat. But there is little data on the freshness of meats of domestic animals and poultry. Terasaki et al.8) stated that the more the meats of pig and chicken contain IMP the better they taste. Numata et al.9) reported that the K value served well as index of feshness for chicken meat within its marketable period. Cattaneo et al. 10 ) stated that, to indicate the freshness of the meats of fish, chicken, rabbit, pig, cattle, and horse, it was best to measure the amount of Hx in them.
In this report we described the Kg value as a new index of freshness applicable to not only fish but also the meats of domestic animals, marine invertebrates, and crustaceans.
MATERIALS AND METHODS
Preparations of beef samples. At the Nishinomiya Meat Center, 9 Holstein bullocks were selected at random. Bullocks were killed by a blow on the head, and slaughtered by cutting open the A. carotis communis. M. sternomandibularis was cut off from the carcass within 5min after death, and metabolite preparations and enzymes were extracted within 30min. Leftover muscles were stored at 3~7°C (average 5°C) to assay ATP-related compoundsat later times. For comparison with these samples, we obtained fillet, shoulder roast, and rump from a market. The ATP-related compounds in these muscles were extracted by the same method.
Preparations of rabbit muscle. 4 Japan white rabbits were killed by injecting air into a vein of an ear, and M. longisssimus thoracis was cut off within 30 min after death to assay ATP-related compounds and enzymes. Other reagents were purchased from the market. The procedure of extraction of ATP-related compounds, which was a modification of the Ohashi method,5>6) is shown in Fig. 1 .
Assay of enzyme activity of muscles. Owing to the research on the correlation between the contents of ATPrelated compoundsand storage periods of muscle, we measured each enzyme activity corresponding to the metabolic pathways of ATPand its related compounds. 
RESULTS AND DISCUSSION
There were two reasons whywe used M. sternomandibularis of bullock and M. longissimus thoracis of rabbit: first, edible muscles are mostly skeletal muscles, and second, it is possible to obtain the extract samples within 30min after slaughter.
ATP-related compounds in the muscles of bullock and rabbit stored at 5°C were assayed at regular intervals. Fig. 3 that i) the sum contents ofATP, ADP, and AMPin beef decreased rapidly, but those in rabbit muscle decreased slowly, ii) the initial sum of ATP, ADP, and AMPin beef were 4/imol/g, but those in rabbit muscle were 1.5 jumol/g which were about one third of beef, i i i ) another big difference between beef and rabbit muscle was the accumulation of intermediates, that is, Hx and X were accumulated in large quantities in beef and HxRwas accumulated in rabbit muscle, iv) the decreasing rate of IMP in beef is higher than that in rabbit muscle.
Next, to support the above observations, we measured the activities of several enzymes in relation to the metabolic pathways of ATP- related compounds. Enzymeactivities in musclesjust after slaughter are shown in Table I . It was clear from Table I that nucleoside phosphorylase activity in beef was 50 times higher than that in rabbit muscle. The fact showed that HxR, which is the substrate of nucleoside phosphorylase, was changed rapidly into Hx and X in beef, but HxRin rabbit muscle increased gradually owing to the low activity of nucleoside phosphorylase. Therefore, we considered that there was a great deal of correlation between contents of ATP-related compounds (accumulation of Hx and X in beef, HxR in rabbit muscle) and nucleoside phosphorylase activities in individual muscles. Creelman et al.12) reported that the accumulation ofHxRin salmon muscle stored in ice for 5 days after slaughter depended on the low activity of riboside hydrolase, but he did not measure the activities of enzymes in the metabolic pathways of ATP to uric acid. Thus, rabbit muscle and salmon muscle are similar in terms of the accumulation of HxR. Conversely, activities of ATPase, alkaline phosphatase and acid phosphatase in rabbit muscle were 2~3 times higher than those in beef. This indicated that the speed of the initial change of ATP-related compoundsin rabbit muscle was more rapid than that in beef. Air injection into the veins of the rabbits was used for slaughter. The rabbits, when treated this way, behaved violently. We considered that the higher amount of ATPase, alkaline phosphatase, and acid phosphatase, and the violent behaviour influenced the sum ofATP, ADP, and AMPin the initial stage of rabbit muscles, which were 1.5/miol/g, less than 4/miol/g for beef. In general, it is said that in marine invertebrates, AMPis changing to HxR via AdRwithout IMP. This is related to the lack (or deficiency) of AMPdeaminase, and the inversely high activity of AdR deaminase.13'14) However, as shown in Table I , AdRdeaminase activity was also detected in beef and rabbit muscle in which IMP had been considered as intermediate. AdRdeaminase activity in beef was about 10 times higher than that in rabbit muscle. This suggests that in beef there may be another pathway in which AMPchanges into HxR via AdR. However, we could not detect AdR by using the Freshness Meter KV-101. The reasons for our not detecting AdRcould be a low level of AdRand/or the too rapid shift of the reaction equilibrium to HxR formation. Tables II and III show the calculated figures for the K value, Kx value, IMP ratio, HxR ratio, and Hx ratio in beef and rabbit muscles; these indexes are being used to indicate the freshness of fish. There is little data on the freshness of meats of domestic animals and poultry. Numata et al.9) stored M. pectoralis superficialis of chicken muscle (broiler) at various temperatures, and measured the changes of the K value with time. The K value did not change at -30°C for one year but increased as the storage temperature rose. Hence, they concluded that the K value was useful for the index of freshness of chicken muscle as well as fish meat. According to Cattaneo et a/.,10) assaying the amount of Hx alone is adequate as an index of freshness of the muscles of fish, chicken, rabbits, pigs, cattle, and horses. In beef, the K value, K± value and Hx ratio increased with time (Table II) . On the other hand, the IMP ratio decreased. The HxR ratio reached a maximumin 6 days of storage and after that decreased gradually. Comparing those indexes between beef and rabbit muscle, we found that there was a difference in the HxR ratio and Hx ratio. The HxR ratio of beef increased gradually to the 6th day and after that decreased, and becamezero after 15 days. However, that of rabbit increased gradually to the end of the experiment (after 15 days). So, the HxRratio was applicable as an index of feshness of rabbit muscle, but was of no use for These indexes of freshness were calculated from the contents of ATP-related compounds in Fig. 3. beef. On the other hand, the Hxratio increased day by day, but the pattern of increase of the Hx ratio of beef was quite different from that of rabbit muscle. It is considered that this difference was caused by the rapid accumulation of Hx in beef and HxR in rabbit muscle. Wemeasured the contents of ATP-related compoundsin beef put on the market and calculated indexes of freshness to compare with the data of M. sternomandibularis of beef.
The results are shown in 
